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The Purpose of ORM
• Find and correct errors in storage ring linear optics

• Compare a measured orbit response matrix to the model 

• Fit parameters in model are adjusted until model matches 
measured

• Find BPM and corrector offsets

• Find quadrupole strength errors and rolls

• Restore lattice symmetry



Generating the Data
• Start with list of correctors –

calculate size of kick to get 
maximum response in arcs

• Measure baseline orbit,
change corrector in each ring, 
measure new orbit

• Measure Horizontal and 
Vertical planes separate, but 
Blue and Yellow rings together

• Takes 2 hours to complete both 
planes 

• Need to save machine lattice 
files (design)



Assembling the Data 

Machine list and archived files -> Matlab lattice file and text response matrix



LOCO
• Uses Matlab Accelerator Toolbox tracking 

code (developed at SSRL)

• LOCO first written in Fortran, re-written in 
Matlab to make use of easy matrix 
calculations and AT
- used extensively at lightsources

• Gradient search, least squares minimization 
using SVD to match model to measurement



LOCO Simple Test
• Question: can LOCO find known errors in this lattice?

• Added 1 error at bo6-qd9 – 1%
3% vertical beta beat, < 1% horizontal

• Fit to quads 1-9 in each sector

• Start:
χ2/dof = 0.1

First iteration
χ2/dof = 0.02



LOCO Simple Test 2

Added 1 error at bo6-qf2 – 0.5% Added 1 error at bo6-qf2 – 0.1%

• Fit to quads 1-9 in each sector

• Start: 
χ2/dof = 798.9

First iteration
χ2/dof = 3056

Second iteration
χ2/dof = 5189

• 10% vertical beta beat, 
20% horizontal

• Start:
χ2/dof = 5.1

First iteration
χ2/dof = 0.168

Second iteration
χ2/dof = 0.022

Question: what about an error in the low-β* triplet?

LOCO cannot resolve errors between triplet quads

– phase advance is too small

For a good fit, need to have both HBPM and VBPM 

between each quad



January 2010 Au102 Store, Blue Ring

Measured ORM and Model

Selecting all options and pressing ‘Start’ doesn’t 
really work…



Next:

• Lots more simulation

▫ Find which quads are best to fit and where degeneracies are

▫ Random gradient errors in quads as BPM noise changes –
determine how much orbit averaging  is needed

▫ Have Loco solve for random errors in BPMs and corrector kicks

▫ Try finding errors in the arc quads

▫ Start looking at the coupled matrix

• Should take data with every major lattice change

• Compare responses at store before and after beta squeeze

• See T. Satogata and J. Niedziela C-A/AP Note # 267 February 2007
Simulations of RHIC Orbit Response Analysis using LOCO


